A survey was conducted to investigate the protein consumption patterns of recreational athletes (athletes participating in moderate to vigorous physical activity at least 30 min/d, 3 or more times per week). In total, 70 men and 169 women completed an online survey. Categorical data were evaluated by gender, age, physical exercise type, and frequency of exercise using chi-square (χ 2 ) analyses with a significance level of P < .05. Significant associations were detected between gender, type of exercise, and frequency of exercise and protein supplement use. Dietitians and health care professionals in exercise science should educate their clients on protein adequacy.
tion to maximize muscle building and future performance. Past studies have highlighted the benefit of consuming carbohydrate and protein after exercise to maximize an athlete's recovery. [1] [2] [3] [4] The ingestion of carbohydrates and protein within a 30-minute window postexercise has been shown to restore glycogen lost during exercise and enhance muscle recovery and repair. 3, 5 The amount of protein needed to optimize an athlete's recovery varies depending on the type of exercise or sport an individual engages in. Research has shown that athletes who participate in endurance exercise require 1.2 to 1.4 g of protein per kilogram of body weight whereas those who participate in resistance exercise require 1.6 to 1.7 g of protein per kilogram of body weight.
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athletic performance, 6 overconsumption of protein may lead to health consequences such as dehydration, decreased liver and kidney function, vitamin inadequacies, and potential bone decalcification. 5, 6 Adequate protein intake for athletes can be achieved fairly easily through diet; however, increasing evidence indicates that some athletes choose to use commercially produced protein supplements. Sales data of commercial protein supplements show a steady yearto-year increase in sales revenue and volume. 7 A quick review of popular fitness magazines demonstrates that these products are marketed to both semiprofessional and recreational athletes. They may also be promoted in online fitness forums, and by coaches and trainers, which may influence an athlete's choice to use protein supplements rather than to rely on dietary protein consumption. In addition to placing the athlete at high risk of overconsumption of protein, protein supplements may have financial implications for athletes since they are often sold at high consumer cost relative to the cost of foods with high protein content or protein-rich food. 7 Although anecdotal evidence suggests widespread purchase of commercial protein supplements, limited research examines who uses protein supplements and for what purpose. The purpose of this study was to assess the use of commercial protein supplements by recreational athletes in the United States versus intentional use of food for postexercise recovery.
PROCEDURES
For this study, we surveyed recreational athletes defined as individuals who participate in moderate to vigorous physical activity at least 30 minutes a day, 3 or more times per week about their usual exercise habits, and consumption of dietary protein sources and commercial protein supplements.
To determine how these self-defined athletes use commercial protein supplements and why, we developed on online survey and conducted a pilot test to enable a broader audience. The survey was posted on several social media outlets frequented by recreational athletes. Respondents answered a 27-question survey with questions adapted from several similar surveys. 8, 9 This project was approved by the Simmons College institutional review board for the Protection of Human Subjects.
The survey was anonymous and respondents were required to indicate consent before proceeding. Sections of the survey included demographics, type and frequency of exercise, and questions relative to the use and knowledge of protein supplementation versus the consumption of protein-rich foods including almonds, peanut butter, cheese, milk, yogurt, eggs, and meat. The survey was conducted online via social media sites (Twitter and Facebook), online sports and nutrition blogs, gym Web sites, and a college campus intranet. The survey was posted from February 1, 2014, to March 1, 2014.
Data were collected on 279 individuals, although 39 participants failed to meet established inclusion criteria, including meeting the definition of a recreational athlete, indicating that they were aged 18 years or older, and a current resident of the United States. In total, 240 participants remained for the final sample. Statistical analyses were performed using SPSS version 22 software (IBM Corporation, Armonk, New York). Frequencies and other descriptive data were compared and categorical data were evaluated by chi-square (χ 2 ) analyses. A significance level of P < .05 was set as criteria for all analyses.
FINDINGS
As reported in Table 1 , of the 240 participants, 70 identified themselves as male (29.2%), 169 classified themselves as female (70.7%), and one participant did not classify himself or herself. Respondents roughly were evenly distributed across the age categories provided, although the study represents a younger participant response based on where the survey was posted (college intranet and social media sites). Ninety participants indicated that they were between the ages of 18 and 25 years (37.5%), 80 participants were between the ages of 26 and 35 years (33.3%), and close to a fourth (27.1%) were above the age of 36 years. Of the 240 participants, 65 participants said that they completed at least 3 days of exercise per week (27.1%), 113 participants reported exercising 4 or 5 days per week (47.1%), and 56 participants reported exercising more than 5 days per week (23.3%). Participants reported engaging in a broad range of exercises: 50 participated in indoor cardiotraining such as using a treadmill or participating in a group class (20.8%), 40 participated in outdoor cardiotraining such as running (16.7%), 73 participated in circuit training such as cross fit (30.4%), 27 performed strength/flexibility exercises including yoga (11.3%), and 21 participated in weight lifting (8.8%).
The use of protein supplements and the consumption of protein-rich food by demographic categories are shown in Table 2 . Use of commercial protein supplements was significant for males who were more likely to use protein supplements compared with females (P ≤ .001). Of the men who responded to the survey, 74.2% (49 participants) used protein supplements compared with 47.9% (80 participants) of females.
Use of commercial protein supplements was also significantly associated with type of exercise. Participants who engaged in circuit training (79.2%) or weight lifting (81.0%) were more likely to use protein supplements (P ≤ .001) compared with those whose primary exercise was cardio-based or a mixture of strength and flexibility. No association existed between the usage of age and protein supplements. Also, no association was observed between frequency of exercise and the use of protein supplements.
Of the 240 recreational athletes who responded, 177 reported consuming proteinrich food to promote muscle recovery. Among those who consumed protein-rich food, an association was found between the consumption of protein-rich food and athletes who were between 18 and 25 years old (P = .002). No statistically significant associations were found between gender, frequency of exercise, or type of exercise and the consumption of protein-rich food.
In addition to being more likely to use commercial protein supplements, Table 3 shows an association between male gender and frequency of protein supplement use (P ≤ .001). Of the respondents, 61.2% (30 participants) of males used protein supplements 5 or more times per week compared with 18.5% (15 participants) of females. Of the females who reported using protein supplements, 60.5% (49 participants) used protein supplements 2 to 4 times per week compared with 32.7% (16 participants) of males. No significant association was found between age and frequency of protein supplement use.
Many different types of protein-rich foods were consumed for the purpose of recovery 
Protein Supplements and Protein-Rich Food
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(61 respondents). A significant association was found between gender and the use of a combination approach of protein-rich foods (P = .063). The amount of money that respondents typically spend on protein supplements within a 1-month period was asked on the survey. Of athletes who use protein supplements, 42.4% of participants reported spending less than $25 a month on protein supplements while 40.0% spent between $25 and $50 a month, 12.8% spent between $51 and $75, 3.2% spent between $76 and $100, and 1.6% spent more than $100 a month on protein supplements.
Reasons why participants chose to use protein supplements were also requested and tallied. The primary reasons for using protein supplements in this sample were weight gain/muscle gain (15.0%), strength/power (10.0%), and inadequate diet (5.0%). Other reasons for supplement use included: to increase energy, to prevent illness/injury, to heal illness/injury, "I was told I needed to," "Makes me feel better," and improve speed/agility.
As shown in the Figure, the self-identified recreational athletes reported receiving information about protein supplements from a variety of sources. The majority of athletes (19.2%) reported using the Internet as their source of information on protein supplements. Other sources of information for the athletes included athletic/ personal trainer (14.6%), family members/ friends (4.6%), fellow athletes (4.6%), magazines (2.5%), coaches of team sports (0.8%), registered dietitians (0.8%), and professional athletes (0.4%).
DISCUSSION
This survey shows that a large percentage of self-defined recreational athletes use commercial protein supplements with almost three-quarters of male respondents (74.2%) and just less than half of female respondents (47.9%), reporting that they consume them at least once per week for facilitating muscle recovery. We also found that certain demographic factors are associated with greater likelihood of consuming commercial protein supplements than protein-rich foods. In this study, recreational athletes between 18 and 25 years of age were more likely to consume 172 TOPICS IN CLINICAL NUTRITION/APRIL-JUNE 2015 protein-rich food instead of a commercial supplement than other age groups. We also found that among individuals who report using protein-rich foods for recovery, dairy and plant-based foods were used with relative frequency.
Similar to other studies, we found that men were more likely to use commercial protein supplements than women. 8 We also found that men engaging in strength training/weight lifting and circuit training were the most likely to use supplements.
Today, the protein supplement industry is a multimillion dollar industry. 7 In the BARNES Report on Food and Health Supplement Store Industry, 7 year-to-year increases in supplements sales were reported. Athletes make up a substantial portion of the population who purchase protein supplements. 10 Currently commercial protein supplement manufacturers do not need the Food and Drug Administration approval before placing their products on the market. 11 Athletes are spending considerable amounts of money on products that may not provide the desired effect one hopes to achieve through the use of protein supplements, and could lead to the overconsumption of protein. Practitioners may suggest that clients purchase proteinrich foods that have been proven to be effective in maximizing an athlete's recovery postexercise.
Recreational athletes choose protein supplements for a variety of different reasons. In this study, the primary reasons for consuming protein supplements were weight gain/muscle gain, strength/power, and inadequate diet. Athletes in a study by Froiland et al 8 reported similar responses. Additionally, Froiland et al found that female athletes were significantly more likely to use supplements because of an inadequate diet or "for their health" while male athletes were significantly more likely to use supplements to improve speed and agility, strength, and power, or for weight/muscle gain. We did not find a significant association between gender and reason for use, but this may be due to a small sample of male athletes or due to the fact that our sample includes a broader range of ages. Froiland et al studied athletes aged 19+ years who were on the Division I varsity teams of the university.
Protein supplements are marketed through several forums, including Web sites, magazines, coaches, and trainers. 11 In a study conducted by Kristiansen et al, 9 the Internet and health care professionals were the most frequent sources of supplement information. We found that similar to Froiland et al, the majority of athletes in the present sample reported using the Internet as their primary source of information for protein supplement use. Other sources of information for athletes in this study were athletic/personal trainer, coaches of team sports, family members/ friends, fellow athletes, magazines, professional athletes, and registered dietitians.
Limitations
Although this study has some strengths including a multiage cohort and representation of many different types of recreational sports/exercise types, several limitations should be acknowledged. One limitation of this study was the use of an online survey with self-reported data to obtain information from participants. This study design may have affected overall results due to response and sampling errors; specifically, snowball sampling occurred as a result of the use of social media. Another limitation of this study was the male-to-female ratio of athletes who participated. Fewer than a third of the participants were male athletes (29%).
Applications
In this study, respondents reported very low utilization of dietitians and other health care professionals when choosing how to design a recovery diet regimen after a workout. This finding suggests that there is room for growth in this area of nutrition. The association between a good nutrient repletion regimen and better performance is well documented, but, at this time, the Internet, coaches, and fellow athletes are the primary sources of information on the subject.
Dietitians should be more involved in designing regimens to assist athletes with strenuous exercise recovery. Clinical training of dietitians allows us to identify potential symptoms of protein imbalance and overload and suggest corrective action before damage to the athlete becomes critical. Dietitians are in a good position to identify nutrient deficiencies that may result from overuse of protein supplements such as carbohydrate and total calorie deficiency, which leads to the protein being used as an energy source instead of as a building material. An athlete who overrelies on protein supplements may assume that they are meeting their nutrient needs and neglect carbohydrate, fat, and total calories. If protein is used for the purpose of energy, muscle wasting, a dysfunctional immune system, and an imbalance of hormonal regulation may occur among female athletes.
Dietitians and health care professionals in exercise science should educate their clients on the appropriate amount of protein needed to meet recommended dietary intakes. Clients should be aware that overconsumption of protein has no additional benefit and may be harmful to even the healthiest of individuals. 5, 6 For clients who choose to use protein supplements, health care professionals can help their clients choose a protein supplement that has been shown to have some beneficial effect in an athlete's recovery. Dietitians can educate these clients on how to incorporate their protein supplements into their daily diet without going over current recommended daily protein requirements. Health care professionals can provide their clients select protein-rich foods. They should also advise clients to consume their chosen source of protein in combination with carbohydrates to better repair muscles following exercise. 2 Clients who are recreational athletes should also be advised to consume their combination of protein and carbohydrates within a 30-minute window postexercise to optimize their overall recovery. 3, 5 
